sis (n = 98; 15.7%) and 'probable atherothrombotic stroke' (n = 84; 13.4%) were common subgroups of ischemic stroke. Stroke due to large-artery atherosclerosis (p = 0.025), current smoking (p = 0.008), history of smoking (p ! 0.001), coronary artery disease (p = 0.0015) and peripheral artery disease (p = 0.024) was significantly more common in men than in women. Overall, 1-year survival was not different between both sexes; however, a significant age-sex interaction with higher mortality in elderly women ( 1 85 years) was detected. Conclusions: Cardioembolism is the main source for ischemic stroke in our population. Etiology of ischemic stroke differs between sexes, with large-artery atherosclerotic stroke and associated diseases (coronary artery disease and peripheral artery disease) being more common in men.
Ludwigshafen Stroke Study (LuSSt) showed slightly higher stroke incidence rates especially of ischemic stroke in all age groups combined and relatively high incidence rates in middle-aged patients (45-64 years) compared to other registries in Western and Central Europe [1] . A recent systematic review summarized significant sex-specific differences in the incidence of stroke and its etiological subtypes [2] . As variations in stroke etiology may call for different diagnostic, therapeutic and preventive strategies we analyzed etiology and sex-specific differences in ischemic stroke. We report here on analyses drawn from the LuSSt based on data from 2006 and 2007.
Subjects and Methods
Having started on January 1, 2006, the LuSSt is a prospective population-based stroke registry in the population of the city of Ludwigshafen am Rhein recording all strokes and transient ischemic attacks in patients of all age groups. A detailed description of LuSSt has recently been published [1] .
Executive Summary of Study Population, Case Ascertainment and Standard Definitions
Ludwigshafen is an industrial city in the Federal State of Rhineland-Palatinate in the west of Germany. As of December 31, 2006 the total source population was 167,906 inhabitants (83,017 males and 84,889 females). The patients' postal address accounted for affiliation to the study population. Multiple overlapping methods of patient identification were used in order to achieve complete case ascertainment as described before [1] . Nonhospitalized patients were examined by a professional member of the study team if they gave informed consent. If they refused such an examination, data were obtained from the attending physician. The study was approved by the ethics committee of the Landesärz-tekammer Rhineland-Palatinate and by the data protection commissioner of Rhineland-Palatinate.
Stroke was defined according to the definition of the World Health Organization [3] . Stroke subtype classification was based on the results of brain imaging, discriminating between ischemic stroke, intracerebral hemorrhage or subarachnoid hemorrhage. If no brain imaging was available, the stroke type was defined as undetermined.
Etiology of Ischemic Stroke
Between January 1, 2006 and December 31, 2007, 725 patients (375 women, 350 men) with first-ever stroke including 626 patients (327 women, 299 men) with first-ever ischemic stroke (FEIS) were identified among the study population. We used a modification of the TOAST (Trial of Org 10172 in Acute Stroke Treatment) criteria to define etiological subtypes of ischemic stroke. Stroke due to large-artery atherosclerosis, cardioembolism, small-artery occlusion, stroke of other determined cause and stroke of undetermined etiology (except from two or more competing etiologies) were diagnosed according to the TOAST criteria [4] . In addition, we diagnosed 'probable atherothrombotic stroke' in patients with stenoses ! 50% diameter reduction on Duplex sonography or CT, MR or digital subtraction angiography and brain infarctions 1 1.5 cm in the absence of any source of cardioembolism. This category is comparable to 'atherosclerosis without stenosis' in the Lausanne Stroke Registry and 'likely atherothrombotic stroke' in the PERFORM study [5, 6] . In patients with more than one potential cause for stroke, etiology was assigned to the most likely causative mechanism according to the SSS-TOAST classification [7] . Classification was performed by experienced neurologists of the study team and controversial diagnoses were discussed and agreed in study meetings. Interrater agreement in the use of modified TOAST criteria was analyzed by comparing the classification of 100 randomly selected patients by two different raters.
Stroke Risk Factors
Cardiovascular risk factors were defined according to current national and international guidelines [8, 9] . Hypertension was diagnosed if the patient was on antihypertensive medication on admission, if hypertension had been diagnosed before by a physician or if blood pressure was 1 140/90 mm Hg in 2 or more measurements 1 3 days after stroke. Diabetes mellitus was acknowledged in patients with fasting blood glucose level above 125 mg/dl, with antidiabetics on admission or if this diagnosis had previously been made by a physician. Atrial fibrillation (AF) was diagnosed if the patient had a history of AF or if permanent or intermittent AF was present on ECG or Holter monitoring. Patients with fasting cholesterol levels 1 200 mg/dl or LDL cholesterol 1 140 mg/dl or patients who were on cholesterol-lowering medication on admission were diagnosed as having hypercholesterolemia. Current smoking was defined as current daily tobacco use (at least one cigarette, cigar or pipe). Patients with a history of tobacco use of 6 months or more were classified as having a history of smoking. Coronary artery disease (CAD) was diagnosed in patients with a history of myocardial infarction, coronary stenting or coronary artery bypass surgery or a history of angina pectoris. Patients with a past diagnosis of peripheral artery disease (PAD) or with a history of stenting or bypass surgery in the arteries of the lower limbs or with a typical history of intermittent claudication of vascular origin were diagnosed as suffering from PAD.
Statistical Analyses
We calculated sex-specific, crude and age-adjusted incidence rates per 1,000 person-years for all cases of etiological subtypes in ischemic stroke [10] [11] [12] . Population numbers at study midpoint (December 31, 2006) multiplied by 2 were used as person-year approximation. The standard European population was used for standardization [13] . Exact 95% confidence intervals for the rates based on the Poisson distribution were calculated. Difference in age distribution was evaluated using a two-sided t test. The 2 test was used to analyze sex differences in stroke risk factors and stroke etiology. Kaplan-Meier curves for sex-specific survival are provided. Gender differences in 1-year survival were analyzed using Cox regression analysis with the factors age, gender and age by gender. The effect of age was either analyzed with age as a continuous variable or using age categories. Interrater agreement in the use of modified stroke criteria was analyzed by Cohen's coefficient. Data were analyzed using SAS 9.1.3 software.
Results
Of a total of 626 patients with FEIS (age 71.7 8 13.2 years; range 31-102 years), female patients (n = 326; 73.5 8 12.6 years) were older than male patients (n = 299; 69.7 8 11.5 years; p ! 0.001). Crude incidence rates (per 1,000 person-years) did not show any significant sex differences. However, age-adjusted incidence rates were significantly higher in men (1.37; 95% CI 1.20-1.56) than in women (1.12; 95% CI 0.97-1.29; p = 0.04) ( table 1 ).
Stroke Etiology
Patients with FEIS received one or more of the following assessments: CCT (n = 569, 91.0%; men 91.3%; women 90.8%), cranial MRI (n = 227, 36.3%; men 38.3%; women 34.3%), extra-and transcranial vascular ultrasound (n = 567, 90.6%; men 91.3%; women 89.9%), transthoracic (n = 474, 75.7%; men 75.6%; women 75.8%) or transesophageal echocardiography (n = 81, 12.9%; men 14.7%; women 11.3%), ECG (n = 626, 100%) and Holter monitoring (n = 565, 90.4%; men 89.3%; women 91.7%). There was no significant difference in diagnostic workup between male and female stroke patients.
Crude and age-adjusted incidence rates of subtypes of ischemic stroke are depicted in table 1 . Interrater agreement for the use of modified TOAST criteria was good with a value of 0.69. Among the 626 patients with FEIS, cardioembolism was the most common etiology (n = 219, 35.0%), followed by small-artery occlusion (n = 164, 26.2%) and stroke due to large-artery atherosclerosis (n = 98, 15.7%). Eighty-four patients (13.4%) were diagnosed with 'probable atherothrombotic stroke' and 55 patients had stroke of undetermined etiology (8.8%). Stroke due to large-artery atherosclerosis was significantly more common in men than in women in both crude and ageadjusted analyses . Cardioembolic stroke was significantly more common in men after age adjustment (p = 0.022) but not in terms of crude rates. Cardioembolic stroke not associated with atrial fibrillation (AF) was diagnosed in 32 patients. The sources for non-AF cardioembolism where symptomatic congestive heart failure with ejection fraction of less than 30% (n = 18), severe stenosis of mitral or aortic valve (n = 5), patent foramen ovale in combination with atrial septal aneurysm (n = 3), patent foramen ovale (n = 2), left ventricular thrombus (n = 2), infective endocarditis (n = 1) and left atrial myxoma (n = 1). The proportion of cardioembolic stroke not associated with AF was significantly higher in men (n = 23, 7.7% of all FEIS) than in women (n = 9, 2.8%; p = 0.004). Table 2 presents sex-specific risk factor profiles in ischemic stroke. Men were more often current smokers or had a history of smoking and suffered more often from CAD and PAD than women. There were no significant differences in the other risk factors. Stroke sur- vival was not significantly different between both sexes ( fig. 1 ; log-rank test, p = 0.92). Age-and sex-specific survival rates after ischemic stroke are shown in table 3 .
Stroke Risk Factors and Stroke Survival
Higher age was associated with poorer survival after ischemic stroke in both sexes (p ! 0.0001, respectively). Cox regression analysis showed a significant interaction between age as a continuous variable and gender (p = 0.025) towards higher mortality in older women. This is due to a high number of women (n = 28), but not men (n = 2) aged 90 years and older. In contrast, no significant interaction was found if age was categorized as shown in table 3 (p = 0.23).
Discussion
LuSSt is a population-based stroke registry in the industrial city of Ludwigshafen in Germany. We recently published slightly higher stroke incidence rates compared to other registries in Western and Central Europe [1] . Optimized stroke treatment and prevention has to be adapted to current and regional needs. Therefore, we analyzed etiology and sex-specific differences in ischemic stroke in LuSSt.
Compared to men women were approximately 4 years older when they suffered their first stroke. Compared to other recent studies our results are in the lower age difference range, which might be explained by relatively high incidence rates especially in women in the middleaged group [14, 15] . Crude incidence rates for FEIS showed no significant differences between the sexes. After age adjustment there was a significant male preponderance in FEIS. This effect of age adjustment is largely explained by the predominance of women in higher age groups which is seen in the population of Ludwigshafen (population 1 75 years: 4,770 men vs. 8,779 women) similar to other populations in western societies. In the past, stroke was assumed to be primarily a disease in men; however, recent data revealed the growing impact of stroke in women, which is mainly related to the rapidly growing population segment of elderly women [16] [17] [18] .
We used a modification of the TOAST criteria to analyze stroke etiology. Strict application of the TOAST criteria would imply a high rate of stroke of undetermined etiology. This proportion has increased somewhat recently alongside better stroke diagnostics and a larger number of patients with more than one likely cause. In patients with more than one possible etiology we identified the most likely causative mechanism using the SSS-TOAST system [7] . Additionally the subgroup 'probable atherothrombotic stroke' was introduced for the relatively high proportion of patients in whom nonstenotic extracranial or intracranial atherosclerotic vessel disease was found in the absence of alternative etiologies. In these patients, nonstenotic atherosclerosis may be a marker for more severe atherosclerotic disease at more distant, nonvisualized arterial segments or activated nonstenotic plaques that may have caused arterioarterial embolism. Overall, classification of stroke subtype was similar to that used in the PERFORM study [5] . We found cardioembolism to be the most common source of ischemic stroke. This is in line with recently published data [19] [20] [21] . Compared to previous studies using the TOAST classification 'stroke of undetermined etiology' was diagnosed less frequently. This may be explained by the intensive workup in our patients and mainly by modifications of TOAST criteria mentioned above. With strict application of the original TOAST criteria, the patients with 'probable atherothrombotic stroke' (13.4%) would have been qualified as patients with stroke of undetermined etiology resulting in a rate of 22.2% in this category. Using modified TOAST criteria has been shown to reduce the percentage of patients classified as 'undetermined' [7] .
Sex-specific analyses showed a higher incidence of stroke due to large-artery atherosclerosis in both crude and age-adjusted analyses in men. This result is in line with recently published study results [2, 14, 22] . Surprisingly there was no significant difference in cardioembolic stroke in our registry although a majority of studies report it to be more common in women [14, 16, 23, 24] . Age adjustment even resulted in a significantly higher incidence of cardioembolic stroke in men. Data from other registers showed comparable age-adjusted incidence rates of cardioembolic stroke in women while in men these rates were significantly lower than in Ludwigs [22] . Cardioembolism associated with AF was not different for the sexes. The proportion of cardioembolic stroke not associated with AF was significantly higher in men than in women. Enhanced diagnostic workup of stroke patients (high proportion of transthoracic and transesophageal echocardiography) may account for this result and may partly explain the intriguing finding in sex differences in cardioembolic stroke. It is important to mention that some of the criteria for cardioembolism used in the original TOAST classification (especially patent foramen ovale) are nowadays disputed [25] . However, non-AF cardioembolic stroke was only diagnosed in 2 patients with isolated patent foramen ovale. They could have also been classified as 'stroke of undetermined etiology' which would not significantly change incidence rates. Although we made every efforts to achieve almost complete case ascertainment underrepresentation of elderly women with cardioembolic stroke cannot be ruled out entirely. Cardioembolic stroke is the main source for ischemic stroke in most registers (as it is in LuSSt) and current epidemiological trends show that the impact of cardioembolic stroke will increase further in the future [26] . Hence optimizing diagnostics and stroke prevention in patients with AF might help to reduce the future burden of stroke.
Notably, there was a trend towards higher incidence of stroke of undetermined etiology in women. This trend was also observed in other studies [24] . In our study it was not caused by differences in diagnostic workup between male and female patients. Data on sex-specific risk factors in ischemic stroke show conflicting results [23, 27, 28] . The higher prevalence of current smoking, history of smoking, CAD and PAD in men in our study is in line with previous studies [14, 16, 24] . Like smoking, CAD and PAD are important contributors to atherosclerotic disease, sex-specific differences in these risk factors make for differences in stroke etiology (large-artery atherosclerosis, cardioembolism not related to AF). A high prevalence of vascular risk factors overall, and of arterial hypertension in particular, highlights possible targets for prevention measures. Right now rather small sex-specific differences do not justify differences in preventive strategies.
There are conflicting results regarding stroke survival in both sexes. Recently published studies showed no sexspecific differences in stroke survival [14, 29] . In contrast, significant differences towards higher case fatality in women were shown in a recent review, pooling data from over 14,000 stroke patients [2] . Survival rates after FEIS showed no significant differences between the sexes in our study. The 1-year survival rate after ischemic stroke revealed significant differences for age by gender interaction if age was used as a continuous variable. The significance for the term age by gender disappeared after stratification into age bands, which indicates that our sample size was not large enough to compensate for the loss in statistical power after the addition of discrete parameters. This may also be the result of different age distributions especially within the higher age groups. There was a trend towards lower survival of women in higher age groups. If this finding is confirmed by larger studies, the rapidly growing segment of elderly women might lead to significant gender differences in stroke survival in the future.
Conclusion
We found cardioembolism to be the most frequent etiology of ischemic stroke. Optimizing diagnostics and stroke prevention in patients at high risk for cardioembolism (e.g. AF) might help to reduce the burden of stroke in the future. Higher incidence of cardioembolism not related to AF in men is probably explained by sex-specific differences in risk factors and requires further investigation.
Ischemic stroke etiology differs between sexes with large-artery atherosclerotic stroke and associated diseases (CAD, PAD) being more common in men. However, high prevalence of stroke risk factors overall emphasizes current needs for optimized preventive strategies.
